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Abstract 
This study proposes a new version of Cholesky´s classic procedure for solving the linear equation systems derived 
from the analysis of building structures in terms of first order theory. With this modification the numerical method is 
turned into a graphic method more suitable for manual use. When drafting instruments are used the results obtained 
are exact. Nevertheless, it is observed that if the method is applied without using drafting instruments the results are 
still highly accurate, since the perimeter of the surface on which the lines are drawn reduces the possibility of error. 
Based on this research, the possibility emerges of calculating certain hyperstatic structures commonly found in 
buildings graphically and almost exactly. Possible lines of research are also pointed to for developing further graphic 
methods that can analyse other types of structure directly and with the same level of accuracy. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
We conducted an earlier line of research into direct methods for manual analysis of building structures in first order 
theory without using matrix algebra. That research gave rise to a numerical equilibrium method [2] inspired by Cross’ 
method, a semi-graphic method [4] and other fully graphic methods [3,5]. These graphic procedures visually 
reproduced the numerical operations of the first two methods when used to analyse certain common models of 
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structures. When drafting instruments were used the results were exact, but by using freehand drawing application 
time could be drastically reduced without the results ceasing to be accurate. This led us to think that these procedures 
might be suitable for the early stages of design. 
The present paper sets out to round out the earlier visual methods with a graphic version of Cholesky’s method for 
solving equations that could be applied using freehand drawing to analyse more complex structures with similar 
accuracy. 
Starting from the structural equilibrium equation system qx.A  , where x and q are the nodal movements and the 
nodal actions respectively, Cholesky’s method determines x by decomposing the matrix A, which is symmetrical and 
positive, into the product of a lower triangular matrix L by Lt. Thus, by applying (1) and then (2) the nodal movements 
are obtained directly. 
qy.L     (1)
yx.Lt     (2)
The graphic version of this method reproduces the numerical calculation of L and the resolution of the systems (1) 
and (2) by drawing broken lines on surfaces formed by squares of unit length. The procedure depends on the predefined 
equilibrium equation system whose matrix A is not modified by row and column reordering algorithms to reduce the 
number of graphic operations. 
Nor is consideration given to other solution methods arising from professional experience [1] that replace the exact 
result by a close-enough approximation by reducing the volume of calculation. Nor do we use other strategies reported 
in the classical literature [6] for the optimal solution of systems, as they are quite laborious. 
Finally, the freehand version of the method is used to analyse a common portico and the results are compared with 
the exact ones. 
2. The graphic method 
Graphic calculations using Cholesky’s method are carried out in three stages as described below, applied to a 
generic matrix A of dimension four. 
2.1. Stage 1: Creation of two tables 
Table 1 (Fig.1a) is made up of unit-side square cells where the coefficients of A are represented. The top cell of 
each column is linked to a coefficient of the main diagonal, and the rest to those located below it. The signs of these 
coefficients are opposite to those that they have in A and are indicated in the centre of each cell. 
The auxiliary table shown in Fig.1d is also created to factorise matrix A, transforming the coefficients of Table 1. 
It is made up of a unit-side square where a second degree half-parabola is represented. The parabola is drawn 
approximately starting from one of its points obtained as follows: sides a-g and g-e of the square are divided into equal 
parts. From them inclined straight lines are drawn originating at a along with vertical lines such as that which passes 
through d1. The intersections of these straight lines give rise to the points. 
2.2. Stage 2: Obtaining of Table 2 
Table 2 represents A once factorised. This is obtained by modifying the columns of Table 1 in three steps, applied 
to column 1 by way of example: 
Step 1: modification of a11. This is calculated in Fig.1d, designated as a´11 and placed in the first columns of Tables 
1 & 2 (Figs.1e, h). 
Step 2: modifications of aj1 (Fig.1e). These are obtained from the intersections between lines parallel to r that pass 
through each aj1 and side r´ of the column. The modifications are placed in column 1 of Table 2. 
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Fig.1. Graphic factorisation of a matrix: a) Table 1; b) modification of Table 1; c) Table 2; d) Auxiliary table; e), f) and g) modification of 
column 1 & influence on the rest of Table 1; h) column 1 of Table 2. 
Step 3: modifications of other columns in Table 1. The columns and cells affected are shown in Figure 1b, and the 
modifications are as follows: i) Modification of column 2 (Fig.1f). Place a´21 horizontally on the top cell and draw s1. 
The line parallel to s1 through a´31 and a´41 gives rise to segments Į1 and Į2, which are added to the values of a32 and 
a42 respectively, to give rise to a´´32 and a´´42. The sign of each Į is opposite to the product of a21 via aj1; ii) 
Modification of column 3 (Fig.1g). Į3 is obtained with 2.2.3.1 to modify a43. 
Now repeat the three steps for column 2. In Step 1 (Fig.1d), to obtain a´22, the term a22 must lose a quantity İ2 
which is calculated in cell a21 of Table 2 (Fig.1c). 
For another column i, the coefficient İi is obtained by adding up the İ for cells aij calculated in the same way as İ2. 
Finally, the full transformation of Table 1 into Table 2 occurs when this process is applied to the last column. 
2.3. Stage 3: Graphic calculation of a deflection 
The nodal movements x are determined gradually by tracing two dotted lines on Table 2. The first runs downwards 
from a point of origin in cell aii which is located at the top of the table is linked to an exterior action. The second runs 
upwards from the bottom cell aii in the table, taking the first line into account. 
The deflection of a continuous beam is shown by way of example (Fig.2a). Figure 2b shows the downward line. 
This defines yA and yB for the solution of (1); Figure 2c shows the upward line that determines the total deflection, 
which is equivalent to solving (2). When Table 2 is more complex (Fig.1a) the lines are traced in the same way but 
considering the influence of all cells aij. 
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Fig. 2. Graphic calculation of a deflection: a) model under load; b) and c) deflection calculated with Table 2. 
3. Remarks 
3.1. Remark 1 
The aii values associated with the rotation unknowns tend to be greater than one, and considerably greater than the 
aij coefficients. In such cases it is suggested that all the terms of A be divided by a coefficient K so that they are left 
below one. This facilitates the tracing of the lines on Table 2 but the resulting operations may be less accurate if the 
modified values of aij are too low. After this operation the deflection is obtained by entering the nodal actions divided 
by K into Table 2. 
3.2. Remark 2 
Graphic operations can be simplified by reducing the size of Table 1 taking into account the organisation of the 
unknowns in matrix A and the composition of the structure in the porticoes, if they are equal. 
3.3. Remark 3 
As in the case of the previous graphic methods, it is observed that the results obtained without using drafting 
instruments are still highly accurate, since the perimeter of the surface on which the lines are drawn reduces the 
possibility of error. Thus, drawing freehand, calculation speed is increased at the expense of only a minimal error that 
does not depend on the procedure but rather on the tool used. 
4. Example of calculation & evaluation of results 
Considering the hypotheses of manual calculation and disregarding torsional stresses, the spatial model shown in 
Figure 3a is analysed freehand. This model comprises porticoes with rigid joins and bars in the same material and 
with the same square cross section, connected crosswise by articulated bars. The calculation is carried out in such a 
way that the results depend on the product EI. Table 1 comprises four separate tables, each of which is linked to the 
nodal movements șz and įx of a portico and its coefficients aii and aij are divided by four to make drawing easier. 
Figure 3b shows the transformation of one of them in a Table 2. The fourth Table 1 (Fig.3c) shows the rest of the 
unknowns. Its form is manipulated to facilitate line drawing and all its coefficients are divided by two. As a result, 
each of the first four columns of Table 2 (Fig. 3d) depends on several movements. For instance, column 1 is associated 
with șxA, șxC and șxF, and column 3 with șyA, șyC and șyF. The Table 2 figures obtained can be seen to be quite accurate. 
The exact value of matrix L/2 shown in (3) results from the numerical application of Cholesky’s procedure, while (4) 
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shows the L´/4 obtained from Figure 3d. The deflection in Figure 3a is also obtained using the table in Figure 3d, and 
it is observed that the resulting error is less than 10%. 
 
 
Fig. 3. Freehand analysis of a spatial portico: a) Model & system of reference; b) obtaining of Table 2 for coplanar movement of a portico;  
c) obtaining of Table 2 for the rest of the movements, d) result of each of the first four columns of Table 2. 
5. Conclusions 
Based on this research, the possibility emerges of calculating certain hyperstatic structures commonly found in 
building graphically and exactly. Possible lines of research are also pointed to in the developing of further graphic 
methods that can analyse other types of structure directly and accurately 
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